Summary. The aim of the present study in the pig was to describe the biliary and pancreatic secretory component of the migrating myoelectric complex (MMC) during the interdigestive period and after feeding, and to examine the effects of the extracorporal diversion of biliary or pancreatic secretions on the MMC and on the cyclical variation of intraduodenal pH.
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In a first trial six pigs (50.6 ± 1 .6 kg) were fitted with a permanent catheter in the common bile duct (3 pigs) or in the pancreatic duct (3 pigs) to control the flow of these secretions. They also had a duodenal catheter to return the secretions, and antral and duodenal electrodes for simultaneous recording of motility in fasting conditions. In a second trial ten pigs (50.8 ± 1.5 kg) underwent a similar surgical preparation (5 bile duct and 5 pancreatic duct fistulations). They had, in addition, a duodenal T-shaped cannula (19 cm distal to the pylorus) allowing continuous intraluminal pH recording parallel to the motility recording. Experiments included 4 situations : secretions returned under fed or fasted conditions ; by-passed secretions in fed or fasted pigs.
The flow of bile and pancreatic juice was very high during irregular spiking activity phases (ISA), peaking at the beginning of regular spiking activity phases (RSA) ; it was minimal during quiescent phases. The It is concluded that a true biliary and pancreatic secretory component of MMC exists in the pig, and that these 2 secretions strongly contribute to the neutralization of the duodenal contents. However, the major determinant of the cyclical variation of the intraduodenal pH appears to be the periodicity of the acid gastric outflow.
Introduction.
Since the first observation of Szurszewski (1969) (Vantrappen, Peeters and Janssens, 1979) . In the pig, cyclical variations of intraduodenal pH were described by Buéno and Fioramonti (1982) who imputed them exclusively to the fact that the flow of acid gastric digesta alternates with the cessation of gastric output at the onset of each duodenal regular spiking activity phase. However, the experimental conditions of these authors do not allow one to speculate on the possible role of biliary and pancreatic secretions which have been reported to be important in the regulation of intraduodenal pH and in the neutralization of gastric chyme in fasting pigs (Abello, Corring and Laplace, 1987) .
In the gastroduodenal area, chronological coincidence of the MMC cycle with periodic fluctuation of gastric, pancreatic, and biliary secretions, has been described in humans (Vantrappen, Peeters and Janssens, 1979 ; Lux et al., 1980 ; Peeters, Vantrappen and Janssens, 1980) Juste and Jimenez (1983) or the pancreatic duct (3 pigs) according to Corring, Aumaitre and Rérat (1972) . In both cases, the animals were also fitted with a permanent duodenal catheter implanted close to the natural orifice of the fistulated duct to allow diverted secretions to be returned to the duodenum. For recording the motility by chronic electromyography ( Laplace, 1983) , they were all provided with groups of 3 stainless steel intraparietal electrodes (Laplace, 1972) on the gastric antrum (2 and 5 cm from the pylorus) and on the duodenum (7, 12 2 and 20 cm distal to the pylorus), so that the best bipolar derivation for each location could be selected.
The day after the operation, the diverted biliary or pancreatic secretions were permanently and automatically returned to the animal at a rhythm corresponding to that of spontaneous secretion (Juste, Corring and Le Coz, 1983a After a postoperative recovery of 1 week, the EMG and pH were simultaneously recorded over 8-h periods (9.00 to 17.00 h). The experiment was designed to test four situations, so that each pig was its own control within the whole bile (5 pigs) or pancreatic (5 pigs) series. Recording sessions were first performed under permanent normal restitution, alternating over 4 consecutive days the fed (test meal at 9.00 h) and fasted conditions (last meal given 16 h prior to recording) ; then after 3 days without experimentation, a similar schedule was used during permanent diversion of the secretion, i.e. 2 sessions under fed conditions alternating with 2 sessions under fasted conditions. The effects of diverting the secretions were tested by a two-way analysis of variance in each of the four situations.
3. Mode of recording and expression of results.
All recordings were made using a pen recorder (Dynograph R.M., Beckman) at a chart speed of 6 cm . min-'. Electrodes were connected through the front pannel of the recorder to an input coupler with an RC circuit using a short time constant (0.03 sec), allowing the continuous recording of EMG. The outflow of bile or of pancreatic secretion was permanently measured by drop counting using a photoelectric cell (Laplace, 1976b (Laplace, 1978) . Likewise, the mean length of the postprandial pattern in the two series of pigs corresponded to usual values taking into account the size of the meals (Ruckebusch and Buéno, 1976 ; Laplace, 1978 (Laplace, 1976a) , the latter method did not affect the postprandial secretion of bile from the gallbladder (Corring, Juste and Jimenez, 1983) or the bile volume ; it did significantly reduce the 24-h bile acid production (Juste, Corring and Le Coz, 1983b) , but this had no effect on the buffering ability of the bile. Despite the bypass of the sphincter in our pigs, the intermittent bile outflow during the ISA phase (approximately 4 groups of drops per min) could give some support to the passive pumping mechanism of bile in the common duct suggested by Rayner, Wenham and Gregory (1984) . But (Davies et a/., 1985) .
Under the above limitation, the described cyclic variations in biliary and pancreatic output proved to be a true secretory component of duodenal MMC in pigs. Due to overlapping of the plateau of alkalinization with the RSA and quiescent phases (which did not correspond to any passage of digesta) and to the coincidence of the acid phase with the ISA phase (during which the gastroduodenal transit occurred) Buéno and Fioramonti (1982) (Laplace, 1978) . Nevertheless, the very important role of biliary and pancreatic secretions in the neutralization of duodenal chyme in the pig, previously established (Abello, Corring and Laplace, 1987) , is also demonstrated in the present study since (Scott et al, 1983) . But, the overall time necessary for transit and entero-hepatic recycling does not fit with the timing of the various events recorded in the duodenal area. Moreover both biliary and pancreatic secretions exhibit periodic fluctuations, and it was shown they were not responsible for the cyclical variation in pH. Nevertheless, the pH could be the focus of reciprocal relationships, as suggested years ago by the temporary inhibition of gastric motility by acid infusion in the small intestine (Boldyreff, 1904) . Duodenal alkaline buffer solutions or pancreatic juice in dogs stimulate motility of gastric denervated pouches and -to a lesser degree -that of transplanted gastric pouches (Brown et al., 1966) . Duodenal infusion of 100 mM HCI in human beings induces a contractile activity resembling the duodenal RSA phase of a M MC (Lewis et al., 1979) . The cumulative effects of acid digesta emptied from the stomach could induce the duodenal RSA phase, which in turn results in the gastric quiescent period. Then cumulative effects of alcalinity in the duodenum could re-activate gastric motility. According to such a sequence, cyclic variations of intra-duodenal pH and MMC cycles in the gastro-duodenal area would be a self-induced alternating system. However such an hypothesis does not fit, for example, with the existence of a sustained acid flow during the postprandial pattern, nor with the fact that acid-induced duodenal RSA in human beings is not preceded by a maximal gastric activity (Lewis et al., 1979) . Accordingly, it may be suggested that various nervous and/or humoral mechanisms are involved in intraduodenal acidification. Cyclical variations in the plasma levels of motilin (Cuber, Laplace and Chayvialle, 1984) , cholecystokinin (Cuber et al., 1986a) , gastrin and pancreatic polypeptide (Cuber et al, 1986b) with a periodicity closely related to that of the MMC were recently described in the pig. Results obtained in pigs also suggest that the acidification may lead to a growing release of various peptides such as secretin (Cuber et al., 1985) . The occurrence of a pH close to neutrality during early RSA may interrupt this release and could account for the rapid decrease in biliary and pancreatic flow rates. According to this, the pH cycle, which appears to be a consequence of the motor cycle (gastric acid delivery), might regulate rhythmic variation in the secretion of biliary and pancreatic secretions. It may also be suggested that the internal clock of the myenteric plexus 
